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METHOD OF SHIFTING AN IMAGE OR PAPER TO REDUCE SHOW THROUGH 

IN DUPLEX PRINTING 

CROSS-REFERENCE TO RELATED APPLICATIONS 
10001] This is a divisional of U.S. Appln. No. 09/682,379 filed August 27, 2001 by 

the same inventors, and claims priority therefrom. This divisional application is being filed 
in response to a restriction requirement in that prior application. 

BACKGROUND AND SUMMARY 
|0002] This invention is directed to methods of reducing show through error in 

duplex printing. 

[0003] Duplex printing, i.e. printing in which an image is formed on both sides of a 

sheet of paper or other image receiving substrate, can be performed using a variety of known 

systems. 

[0004] For example, duplex printing can be conducted with a system that forms 

images on both sides of a sheet at a single transfer station. In some duplex printing systems, 
after a sheet has received a first image on a first side by passing the sheet through an image 
transfer station, the sheet is inverted. A second image is then formed on a second side of the 
sheet by passing the inverted sheet through the same transfer station. 
[0005] Positioning an image on one side of a sheet in a manner that coincides with 

the position of the image on the other side of the sheet can be difficult. Registration of a 
first image on a first side of a sheet with a second image on a second side of a sheet is not 
always accurate because of one or more registration errors that offset the first image relative 
to the second image. For example, a page number printed on the bottom-center position of 
the first side of a two-sided, printed document should align exactly with the page number 
printed on the reverse side. The offset of the page number on the second side of a sheet with 
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respect to the page number on the first side of the sheet is a registration error that is 
extremely undesirable, and considered unacceptable in various printing industries. 
[0006] Registering two images on the front and back sides of a single sheet of paper 

can be difficult but is essential in industries such as the offset printing industry. In this 
industry, duplex sheets are sometimes produced having a number of pages, of what will 
ultimately be a single, multi-page document, aligned on the front and back of a single sheet 
of paper. To create such a multi-page document, a sheet of paper is printed with multiple 
images on the front and back side of a single composite sheet. The single composite sheet is 
subsequently folded and segmented into individual pages. Each of the images on a first side 
a sheet must therefore be registered with a corresponding image on a second side of the sheet 
before the sheet may be segmented into individual pages. 

[0007] Specifically, the first image that appears on the first side of the sheet and the 

second image that appears on the second side of the sheet are positioned so that identical 
images printed on both sides of the sheet are coincident with each other. In other words, two 
identical images printed on both sides of a sheet of paper form mirror images of each other 
since each image is printed with no apparent offset from the other. Thus, an image on the 
front side of a sheet would appear to be in perfect or transparent registration with the 
corresponding image on the back side of the sheet. 

[0008] To ensure transparent registration, it is essential that the position of the 

printing substrate be precisely controlled. Active registration systems which sense 
document position and operate to correct the position of a copy sheet, if necessary, before an 
image is transferred to the copy sheet are well known. However, even if position is 
controlled, errors in magnification make achieving such transparent registration difficult. 
Errors can be attributed to the speed at which an image carrier, such as a photoconductive 
drum or photoreceptor belt or drum, operates. Magnification errors can also be attributed to 
the frequency at which a write clock or a pixel clock operates. Another source of 
magnification errors is the expansion or contraction of paper, coupled with variation in these 
properties from sheet to sheet. In order to correct such magnification errors, the speed of the 
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photoreceptor belt or drum, or other such device, is adjusted, and the pixel clock frequency 
is adjusted. 

[0009] The "show through" error that occurs when transparent registration is not 

achieved can be quantified by measuring of the displacement between two points, one on a 
first side of the sheet and one on a second side of the sheet, that are intended to be 
equidistant from a common sheet edge. This error is caused, at least in part, by the factors 
identified above. The portion of the error associated with paper shrinkage is often caused by 
fusing a printed image on the first side prior to printing of an image on the second side. 
[0010] In various printing systems, which combine a wide range of paper types with 

very specific performance specifications, a method of reducing show through error is 
needed. 

[0011] This invention provides systems and methods that make margin adjustments 

to reduce the effects of show-through in duplex printing. 

[0012] This invention separately provides systems and methods that reduce show 

through error in duplex printing that compensate for different paper types and sizes. 
[0013] This invention separately provides systems and methods that reduce show- 

through in duplex printing resulting from paper shrinkage or growth, 
[0014] This invention separately provides systems and methods that reduce setup 

errors that occur when adjusting simplex and duplex magnification errors. 
[0015] This invention separately provides systems and methods that compensate for 

errors that result from paper shrinkage caused by fusing during duplex printing. 
|0016] In various exemplary embodiments of the systems and methods of this 

invention, show through is reduced by performing registration setup to adjust a pixel clock 
frequency and/or a photoreceptor belt or drum speed, determining an amount of residual 
magnification error after performing registration setup, determining margin shifts to reduce 
the amount of residual magnification error, and applying the margin shifts. In various 
exemplary embodiments of the systems and methods of this invention, paper shrink effects 
on registration can be compensated for using determinations made during a typical printer 
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setup. Show through errors can be reduced without using a paper conditioner to pre-shrink 
or re-wet the paper. 

[0017] In various exemplary embodiments of the systems and methods of this 

invention, the relationship between first side image and the second side image is evaluated to 
determine how the position of the paper and/or the size and arrangement of an image can be 
manipulated to compensate for the paper shrinkage effects caused by fusing. 
[0018] In registration systems that use a common edge for simplex and duplex 

registration, the show through errors become progressively worse as the image moves away 
from the registration edge. Using information determined and stored in a non-volatile 
memory of a printing device during an image-on-paper registration setup, determinations 
can be made to apply a margin shift that results in a significant reduction in the maximum 
show through for each image. 

[0019] These and other features and advantages of this invention are described in, or 

are apparent from, the following detailed description of various exemplary embodiments of 
the systems and methods according to this invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0020] Various exemplary embodiments of this invention will be described in detail, 

with reference to the following figures, wherein: 

[0021] Figure 1 is a top view of a sheet on which a registration test pattern has been 

printed; 

[0022] Figure 2 is a flowchart outlining one exemplary embodiment of a method for 

correcting show-through in duplex printing according to this invention; 
[0023] Figure 3 is a flowchart outlining one exemplary embodiment of a method for 

performing setup according to step S2000; 

[0024] Figure 4 is a flowchart outlining one exemplary embodiment of a method for 

determining an amount of residual error according to step S3000; 

[0025] Figure 5 is a flowchart outlining one exemplary embodiment of a method for 

determining margin shift according to step S4000; and 
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(0026] Figure 6 is a block diagram of one exemplary embodiment of a control 

system for reducing show through error in duplex printing, according to this invention. 

DETAILED DESCRIPTION 
|0027] Before an image-on-paper registration setup operation is performed, it is 

likely that there are errors in the photoreceptor belt or drum speed and the pixel clock 
frequency. These errors would result in process and lateral magnification errors, 
respectively, as the image is exposed on the photoreceptor belt or drum. The process 
direction is the direction in which a sheet moves through a printing apparatus, or the 
direction parallel to movement from the leading edge to the trailing edge of the sheet. The 
lateral direction is perpendicular to the process direction. Process magnification error is 
magnification error in an image measured in the process direction, and lateral magnification 
error is magnification error in an image measured in the lateral direction. 
[0028] After the image is transferred, the image is subsequently fused to a sheet of 

paper, and the paper, along with the images on the paper, shrinks, thereby compounding the 
magnification errors. There is no direct way to differentiate between the original 
photoreceptor belt or drum speed error, the pixel clock frequency error and the error caused 
by paper shrinkage. Also, because the first-formed image passes through the fuser one more 
time than does the second-formed image, there is also a difference between the 
magnification error in the image on the first side of the sheet and the magnification error in 
the image on the second side of the sheet. 

1 0029] In various printing devices, during an image-on-paper setup, the 

photoreceptor belt or drum speed and the pixel clock frequency are adjusted to correct for 
the average of the first side and second side magnification errors. Since this adjustment' 
accounts for both machine errors and paper shrink errors, there are intentional residual 
errors, referred to herein as residual magnification errors, that remain for both the 
photoreceptor belt or drum speed and the pixel clock frequency. Residual errors are 
permitted to remain to ensure that the resultant images on a sheet, after accounting for the 
paper shrink during fusing, are the correct size. Due to residual errors, the first and second 
images formed on the photoreceptor belt or drum after the setup adjustments would, if 
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measured, have a magnification error. This error has a linearly increasing effect on 

i 

registration when moving from the leading edge of a sheet to the trailing edge of the sheet in' 
the process direction and from the Start-of-Scan (SOS) sensor to the End-of-Scan (EOS) 
sensor in the lateral direction. 

[0030] In some printing devices, registration occurs at the outboard edge and the 

leading edge of the sheet for the first side, and at the outboard edge and the trailing edge of 
the sheet for the second side. In such devices, the residual magnification errors can affect 
process registration on the second side. According to the methods of this invention, a 
margin shift is invoked to compensate for the setup errors due to the residual magnification 
error, as well as for the show through errors. 

[0031] Figure 1 illustrates a sheet 100 on which a registration test pattern has been 

printed. For the purpose of description only, the horizontal and vertical axes of the sheet 
100 are referred to relative to the direction that the sheet moves through a printing apparatus. 
The process length (PL) is the length of an edge of the sheet 100 that runs parallel to the 
direction that the sheet 100 is fed through a printing apparatus. The lateral width (LW) of 
the sheet 100 is the length of an edge of the sheet 100 that runs perpendicular to the direction 
that the sheet 1 00 is fed through a printing apparatus. 

[0032] The four edges of a sheet 100 can also be described relative to the direction 

that the sheet 100 moves through the printing apparatus. The outboard edge 135 and the 
inboard edge 140 are the edges that define the process length. The outboard edge 135 can 
refer to the edge of the sheet 100 that is closest to the registration surface of the printing 
apparatus, and the inboard edge 140 to the opposite edge, i.e., the edge that is farthest from a 
registration surface. The leading edge 125 and the trailing edge 130 are the edges that define 
the lateral width of the sheet 100. The leading edge 125 is the forward edge as the sheet 100 
moves through a printing apparatus, and the trailing edge 130 is the opposite edge. 
[0033] Also, solely for the purpose of description, margin corrections towards 

different edges of the sheet 100 can be assigned positive or negative values. Adjustments 
towards the inboard and leading edges 140 and 125 of the sheet 100 can be assigned a 
negative value. Adjustments towards the outboard and trailing edges 135 and 130 can be 
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assigned a positive value. The signs and names assigned to various aspects of the sheet 100 
are not intended to limit the systems and methods according to the invention. The methods 
of this invention can be readily applied to any duplex printing apparatus for printing on any 
type of substrate, regardless of the names given to define various parts of the sheet 100. 
[0034] Various exemplary embodiments of the systems and methods according to 

this invention include performing a setup operation to adjust the pixel clock frequency 
and/or the photoreceptor belt or drum speed, determining an amount of residual 
magnification error after performing the setup operation, determining margin shifts to 
compensate for residual magnification and/or registration error, and applying the margin 
shifts. 

1 0035] As indicated above, during the setup operation, the photoreceptor belt or 

drum speed and/or the pixel clock frequency are adjusted as necessary to adjust for the 
average of the first side and second side magnification errors. After this adjustment, there 
are residual magnification errors that remain for both the photoreceptor belt or drum speed 
and the pixel clock frequency. In other words, the images on the photoreceptor belt or drum 
would, if measured, have a magnification error. At the completion of the setup operation, 
the registration is "perfect" at the outboard edge of the first side and the second side, at the 
leading edge of the first side, and at a distance x from the leading edge of the second side, 
depending on the size sheet used in the setup operation. 

[0036] However, since setup specifications are often based on measurements from 

the trailing edge of the second side of any sized sheet, there is likely to be some second side 
process registration error on sheets that do not have the same process length as the test sheet 
used in the setup operation. This is because a sheet is often registered at the same physical 
edge for the first and second sides in the process direction. If the second side is registered to 
the trail edge of the sheet, and the registration is initially setup for a given process length, 
images formed on sheets of a different process length will be susceptible to the effects of 
magnification errors over the difference in length between the original process length and 
the new process length of the sheet being printed on. Various exemplary embodiments of 
the systems and methods according to this invention compensate for this error. 



7 



[0037] Assuming all other sources of error are equal to zero, which is what the setup 

operation attempts to accomplish, Table 1 shows the errors that remain because of the 
residual magnification errors and the paper shrink rates. As indicated above, PL refers to the 
process length of the sheet being printed on, while LW refers to the lateral width of the sheet 
being printed on. The residual process magnification error is referred to as c p . The first pass 
shrink rate of the sheet being printed on in the process direction is referred to as f, p . The first 
pass shrink rate of the sheet being printed on in the lateral direction is referred to as f IL . A 
distance from the leading edge of the second side where the registration error is zero is 
designated as jc. The systems and methods according to this invention determine the errors 
as outlined below, and apply a margin shift to reduce the effects of show through that result 
from these errors. 



Table 1 





Process 


Lateral 


Side 1 Registration Error at 
Registration Edge 


0 


0 


Side 2 Registration Error at 
Registration Edge 


(PL-x)*c p 


0 


Minimum Show Through Error at 
Registration Edge (absolute value) 


(PL-x)*c p 


0 


Maximum Show Through at Non- 
Registration Edge (absolute value) 


PL * (c p + f IP ) - 
x*c p 


-LW*f IL 



[0038] In various exemplary embodiments of the systems and methods according to 

this invention, performing the registration setup operation includes, among other things, 
printing a registration test image on both a first side and a second side of a sheet, obtaining 
data by measuring the first image on the first side and the second image on the second side, 
analyzing the measurement data, and adjusting the pixel clock frequency error and/or the 
photoreceptor belt or drum speed error based on the analyzed data. 

[0039] Figure 2 is a flowchart outlining one exemplary embodiment of a method for 

reducing show-through in duplex printing according to this invention. As shown in Figure 
2, beginning in step SI 000, operation continues to step S2000, where the setup operation is 

8 



performed to adjust one or both of the pixel clock frequency and/or the photoreceptor belt or 

■ 

drum speed. Then, in step S3000, an amount of residual magnification error is determined. 
Operation then continues to step S4000. In step S4000, the margin shifts are determined that 
would compensate for the determined residual magnification and registration error. 
[0040] Next, in step S5000, the margin shifts are applied. Then, in step S6000, 

operation ceases. 

[0041] Figure 3 is a flowchart outlining one exemplary embodiment of a method for 

performing the setup operation of step S2000. Accordingly, beginning in step S2000, 
operation continues to step S2100, where a registration test image is printed on each of the 
first and second sides of the sheet. 

[0042] An exemplary embodiment of the sheet 100 on which a registration test 

pattern has been printed is illustrated in Figure 1. In this embodiment, the registration test 
pattern comprises four cross-hairs 105, 110, 115 and 120 printed in the corners of the sheet 
100. According to the systems and methods of the invention, various measurements of the 
relationship between the position of the marks 105, 1 10, 1 15 and 120 of the test pattern, and 
the position of the test pattern on the sheet 100 are performed for both sides of a duplex 
printed sheet. 

[0043] The registration test pattern can be any pattern that permits useful 

measurements of the first and second images and their positions on the sheet 100 to be made. 
Any suitable known or later developed pattern that permits measurement of parameters of an 
image that are usable in the systems and methods according to this invention can be used as 
the registration test image. However, the registration test image should, at least, permit the 
sizes of the first side image and the second side image in the lateral and process directions to 
be measured and thus compared. Using the registration test pattern arrangement illustrated 
in Figure 1, various image parameters can be measured during the setup operation. These 
image parameters can include, but are not limited to, image squareness, image skew, lateral 
magnification, process magnification and image-to-paper position. 

[0044] Next, in step S2200, data is obtained by measuring the first image on the first 

side and the second image on the second side. Obtaining the data can include any suitable 
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known or later developed method of measuring the sizes of the first and second images and 
determining the positions of the first and second images on the sheet 100. Measurements' 
can be taken by any known or later developed, manual or automated method. Similarly, 
obtaining the data can include storing the data into any suitable storage or memory device, 
including, but not limited to, electronic memory. Obtaining the data can also include 
accessing data that has already been obtained, stored or recorded in prior processes. 
[0045] Then, in step S2300, the obtained data is analyzed. Analyzing the data can 

include any known or later developed, manual or automated process of evaluating the 
obtained data. Analyzing the data can include employing the data in any routine or 
algorithm that will provide adjustments to overcome magnification error associated with 
pixel clock frequency error and photoreceptor belt or drum speed error. Operation then 
continues to step S2400. 

[0046] In step S2400, the pixel clock frequency and/or the photoreceptor belt or 

drum speed are adjusted. Adjusting the pixel clock frequency and/or the photoreceptor belt 
or drum speed includes any suitable known or later developed method of adjusting the pixel 
clock frequency and/or the photoreceptor belt or drum speed, using the adjustments obtained 
in analyzing the data. Adjusting pixel clock frequency and/or photoreceptor belt or drum 
speed also includes any mechanical or electrical manipulations used to that are made to alter 
the pixel clock frequency and/or the photoreceptor belt or drum speed. This also includes 
any electronic or mechanical processes for implementing the adjustments. Then, in step 
S2500, operation returns to step S3000. 

[0047] Figure 4 is a flowchart outlining one exemplary embodiment of a method for 

determining the amount of residual error of step S3000. In step S3000, some of the 
measurements obtained during the setup operation, as illustrated above, are used to 
determine the relationship between the sizes of the first side and second side images, and 
thus the total effect of magnification error on the duplex printed document on the copy sheet. 
In various exemplary embodiments, the determination of residual magnification error is 
performed with regard to the process direction only, because the effect of the residual lateral 



10 



magnification errors on the first side and the second side are often equal and opposite, and 
thus, cancel each other out. 

[0048] As illustrated in Figure 4, beginning with step S3000, operation proceeds to 

step S3 100, where the process magnification error is determined. The process magnification 
error is a value that illustrates the difference between the nominal size of an image in the 
process direction and the actual size of that image when printed on a first side of a two-sided 
document. The first side process magnification error can be expressed as: 

P ME1 = (d, - d nom )/d nom (1) 

where: 

P ME] is the process magnification error; 

d, is the actual process image size of the first side image; and 

d nom is the nominal process image size of the first side image. 
[0049] Next, in step S3200, the first pass shrink rate is determined. The first pass 

shrink rate is a value that illustrates the effect of fusing after printing an image on a first side 
of a two-side document. The process first pass shrink rate can be determined by comparing 
the difference between the actual size of an image printed on a first side of a two-sided 
document and the actual size of an image printed on a second side of a two-sided document, 
in the process direction. The process first pass shrink rate can be expressed as: 

f lp = (d,/d 2 -l) . (2) 

where: 

f lp is the process first pass shrink rate; 

dj is the actual process image size of the first side image; and 

d 2 is the actual process image size of the second side image. 
(0050] Likewise, the lateral first pass shrink rate can be determined by comparing 

the difference between the actual size of an image printed on a first side of a two-sided 
document and the actual size of an image printed on a second side of a two-sided document, 
in the lateral direction. The lateral first pass shrink rate can be expressed as: 

f 1L = (c/c 2 -l) 0) 
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where: 

f 1L is the process first pass shrink rate; 

c, is the actual lateral image size of the first side image; and 

c 2 is the actual lateral image size of the second side image. 
[0051] Then, in step S3300, a net shrink rate for a sheet of paper to be printed on is 

assigned or determined. To determine the amount of residual shrink error, the role of the 
sheet of paper itself must be included in the determination. For each sheet of paper, the net 
shrinkage of that sheet of paper in the process direction is some percentage, y, of the first 
pass shrink rate in the process direction P PS1 . While this percentage could be determined for 
each and every sheet that is printed, this is generally impracticable. Alternatively, a general 
rate for all sheets of paper could be used. In various exemplary embodiments of the systems 
and methods according to this invention, a value is assigned for each different type or size of 
paper that is used. In various exemplary embodiments, the value y that is assigned to each 
paper is stored in the non-volatile memory of a printer. 

[0052] The shrink error is defined as a negative value. Thus, in the process 

direction, a negative magnification error means the image is larger than the nominal image 
and a negative shrink error means the image is smaller than the nominal image. When 
determining the process shrink rate for the first side image, the net shrink rate of an 
individual sheet of paper, illustrated by the value y, is included. In various exemplary 
embodiments, separate values of y are assigned for different types and sizes of paper. In 
various other exemplary embodiments, a default value for y is assigned. In further 
exemplary embodiments, the value assigned for y is 0.30. The inventors of this invention 
have determined by testing a variety of papers that 0.30 is a usable default value for a variety 
of papers. The net first side process shrink error can be expressed as : 

where: 

P SE] is the net process shrink rate for the first side image; 
y is the net shrink rate of the sheet being printed on; and 
f lp is the process first pass shrink rate. 
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[0053] Next, in step S3400, the initial photoreceptor belt or drum speed error is 

determined. The measured magnification error on the first side is attributed to many factors. 
For the purposes of making a practicable determination of residual magnification error, four 
factors or sources of error are included in the determination. These sources of error include 
(1) the original photoreceptor belt or drum speed error, (2) the shrinkage that occurs during 
the first pass through the fuser, (3) the shrinkage that occurs during the second pass through 
the fuser, and (4) the re-acclimation of the sheet of paper. Thus, in addition to equation (1), 
the first side process magnification error can alternatively be expressed as: 

P ME1 = (l+m p )*(l+f lp )*(l+f 2p )*(l+g p )-l (5) 

where: 

P ME1 is the first side process magnification error; 

m p is the original photoreceptor belt or drum speed error; 

f lP is the first pass shrink rate; 

f 2P is the second pass shrink rate; and 

g p is the error attributed to re-acclimation. 
[0054] Like the measured process magnification error on the first side, the first side 

process shrink error can be attributed to many factors or sources of error. The sources of 
error include (1) the shrinkage that occurs during the first pass through the fuser, (2) the 
shrinkage that occurs during the second pass through the fuser, and (3) the re-acclimation of 
the sheet of paper. Thus, in addition to equation (4), first side process shrink error can 
alternatively be expressed as: 

p SE .=(i + f I p)*(i+y*(i+g P )-i (6) 

where: 

P SE] is the first side process shrink error; 
f lp is the first pass shrink rate; 
f 2P is the second pass shrink rate; and 
g p is the error attributed to re-acclimation. 
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[0055] In various exemplary embodiments of the systems and methods according to 

i 

this invention, determining an amount of residual magnification error includes determining' 
an original photoreceptor belt or drum speed error. Having described first side process 
shrink error and first side process magnification error in equations (1) and (4)-(6), the 
original photoreceptor belt or drum speed error extracted and expressed as: 

m P = [(P ME1 +l)/(y*f 1P +l)]-i . ( ? ) 

where: 

m p is the original photoreceptor belt or drum speed error; 

P ME1 is the first side process magnification error; 

y is the net shrink rate of the sheet being printed on; and 

f lp is the process first pass shrink rate. 
[0056] Once the initial photoreceptor belt or drum speed error is determined in step 

S3400, it is then becomes possible in step S3500, to determine the amount of residual 
magnification error in the process direction. In step S3500, the initial photoreceptor belt or 
drum speed error can be compared with the actual adjustments made to the photoreceptor 
belt or drum speed in the course of the setup operation. The photoreceptor belt or drum 
speed adjustment rate is a ratio of (1) the difference between the adjusted photoreceptor belt 
or drum speed and the original photoreceptor belt or drum speed to (2) the original 
photoreceptor belt or drum speed. The residual magnification error can thus be expressed 
as: 

c p = 0 + m p )*[l + (PR ADJ - PRJ/PRJ -1 (8) 

where: 

c p is the residual magnification error; 

m p is the original photoreceptor belt or drum speed error; 

PR ADJ is the adjusted photoreceptor belt or drum speed; and 

PR 0R is the original photoreceptor belt or drum speed. 
After the residual magnification error is determined in step S3500, operation continues to 
step S3600, where operation returns to step S4000. 
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[0057] Determining the margin shift in view of the residual magnification error 

includes measuring a length and a width of the sheet of paper to be printed on, determining a 
total margin shift to reduce show through based on the amount of residual magnification 
error, and assigning portions of the total margin shift to the first and second sides. In 
various exemplary embodiments, the margin shift usable to adjust for the registration error 
must be determined and the margin shifts that compensate for residual magnification error 
must be determined. Further, margin shifts for lateral and/or process residual magnification 
errors must be determined for the first and second sides of the sheet. These various aspects 
of determining the margin shift can be conducted in sequence, simultaneously or any other 
combination or order. 

[0058] Figure 5 is a flowchart outlining one exemplary embodiment of a method for 

determining the margin shift according to step S4000. As illustrated in Figure 5, beginning 
with step S4000, operation continues to step S4100, where the process length PL and lateral 

width LW of the sheet of paper to be printed on are determined. The process length PL and 

> 

the lateral width LW can be determined by any suitable method. 

[0059] Next, in step S4200, a margin shift to compensate for the registration error at 

the process registration edge of the second side is determined. As mentioned above, second 
side process registration may be affected by a difference in size between the sheet that was 
used during the setup operation and the sheet being printed on. A margin shift is 
implemented on the second side to account for this effect. This process margin shift for 
registration of the second side image can be expressed as: 

S WI --(PL-x)*c p (9) 

where: 

S RP2 is the process margin shift for the second side registration error; 
PL is the process length of the sheet; 

x is the distance from the current position of the second side process registration edge 
to the position where a second side process registration edge should be such that there would 
be no registration error, i.e. the difference in process lengths; and 
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c p is the residua] process magnification error. 
[0060] Next, in step S4300, a margin shift to compensate for show through effects at" 

the leading and trailing edges of the sheet is determined. The process show through error, 
like the lateral show through, increases linearly as the distance from the lateral registration 
edge increases. Minimum show through refers to the amount of show through at the 
registration edge of the sheet, and maximum show through refers to the amount of show 
through at the opposite non-registration edge. The margin shift is determined to reduce the 
maximum show through on the sheet. According to various exemplary embodiments of the 
systems and methods of this invention, the expected minimum and maximum show through 
values are averaged for a given type and size of paper. This average show through is then 
partially compensated for by shifting the first side image and partially compensated for by 
shifting the second side image. The total process show through margin shift can be 
expressed as: 

S ps = -PL*f IP /2 (10) 

where: 

S ps is the total process margin shift for show through error; 

PL is the process length of the sheet; and 

f ip is the first pass shrink rate. 
[0061] Then, after determining the total amount of margin shift to be applied to 

correct show through in step S4300, in step S4400, the distribution of this margin shift 
between the amount that will be applied to shift the first side image and the amount that will 
be applied to shift the second side image is determined. The total margin shift can be 
distributed in any suitable manner. In various exemplary embodiments of the systems and 
methods according to this invention, the first side image is shifted toward the trailing edge of 
the sheet to compensate for show through error in the process direction. The process margin 
shift for the first side image can be expressed as: 

S PSI =-S PS *z (11) 

where: 
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S PSI is the first side process margin shift for show through error; 

S PS is the total process margin shift for show through error; and 

z is the proportion of the total process margin shift to be applied to the first side 

image. 

[0062] In various exemplary embodiments of the systems and methods according to 

this invention, half of the margin shift is applied to the shift the first side image and half of 
the margin shift is applied to shift the second side image. In this case, z is equal to 0.5. 
[0063] In various exemplary embodiments of the systems and methods according to 

this invention, the second side image is shifted toward the trailing edge of the sheet to 
compensate for show through error in the process direction. The process margin shift for the 
second side can be expressed as: 

S PS2 -S^-Sp, •(!-*) (12) 

where: 

S PS2 is the second side process margin shift for show through error; • 

S PS is the total process margin shift for show through error; and 

z is the proportion of the total process margin shift to be applied to the first side 

image. 

[0064] As with the determination of residual magnification error, the margin shift 

can vary for every sheet, as first pass shrink rate varies. However, in various exemplary 
embodiments, a determination of the process margin shift for every single sheet that is 
printed is not performed. Accordingly, as indicated above with regard to lateral margin 
shift, general or default assumptions about the general sheet of paper can be made. 
[0065] Then in step S4500. determining the margin shift also includes determining a 

margin shift to compensate for show through effects at the inboard and outboard edges of a 
sheet. As discussed above, the lateral show through error at any point on the page increases 
linearly as the distance of that point from the lateral registration edge increases. Minimum 
show through refers to the amount of show through at the registration edge of the page. 
While maximum show through refers to the amount of show through at the opposite non- 
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registration edge. The margin shift is determined to reduce the maximum show through on 
the page. 

[0066] According to various exemplary embodiments of the methods, the expected 

minimum and maximum show through values are averaged for a given type and size of 
paper. This average show through is then partially compensated for by shifting the first side 
image and partially compensated for by shifting the second side image. Determining the 
lateral show through takes into consideration the lateral width of the sheet and the lateral 
first pass shrink rate of the paper. Lateral show through margin shift can thus be expressed 
as: 

S LS = LW*f JL /2 (13) 

where: 

S LS is the total lateral margin shift for show through error; 

LW is the lateral width of the sheet; and 

f )L is the lateral first pass shrink rate. 
[0067] As with the process direction analysis performed in step S4400, in step 

S4600, the distribution of this margin shift between the amount that will be applied to shift 
the first side image and the amount that will be applied to shift the second side image in the 
lateral direction is determined. Then, in step S4700, operation returns to step S5000. In 
various exemplary embodiments of the systems and methods according to this invention, the 
first side image is shifted toward the inboard edge of the sheet to compensate for show 
through error in the lateral direction. The lateral margin shift for the first side can be 
expressed as: 

S LS1 = S LS *w (14) 

where: 

S LS1 is the first side lateral margin shift for show through error; 

S LS is the total lateral margin shift for show through error; and 

w is the proportion of the total lateral image shift to be applied to the first side image. 
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(0068] The total margin shift can be distributed in any suitable manner. In various 

> 

exemplary embodiments of the systems and methods according to this invention, half of the 
margin shift is applied to shift the first side image and half of the margin shift is applied to 
shift the second side image, i.e. w equals 0.5, In this case, the margin shift applied to the 
first and second side images would thus be one-half of the lateral show through margin shift 
for side one and negative one-half of the lateral show through margin shift for side two, 
[0069] In various exemplary embodiments of the systems and methods according to 

this invention, the second side image is shifted toward the outboard edge of the sheet to 
compensate for show through error in the lateral direction. The lateral margin shift for the 
second side can be expressed as: 

S LS2 = -S LS *(l-w) (15) 

where: 

S LS2 is the second side lateral margin shift for show through error; 
S LS is the total lateral margin shift for show through error; and 
w is the proportion of the total lateral image shift to be applied to the first side image. 
[0070] As with determining residual magnification error, it is not practicable to 

determine the lateral margin shift for every single sheet that is printed. Accordingly, general 
or default assumptions about the general sheet of paper can be made. In various exemplary 
embodiments, assumptions are made with regard to various types of paper. Thus, a different 
lateral margin shift can be applied for each type of paper being used. Assumptions about the 
lateral first pass shrink rate of a type of paper can then be stored in the non-volatile memory 
of a printer. 

|0071] In various exemplary embodiments, all values needed to determine the 

various margin shifts, outlined above in Eqs. (9), (1 1), (12), (14) and (15), can be determined 
during the setup operation and stored in the non-volatile memory of the printing device. In 
various other exemplary embodiments, the measurements and determinations can be made at 
least in part by the user. In various exemplary embodiments, values for the lateral width, the 
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process length, and the weight of a sheet of paper can be obtained on a sheet by sheet basis 
to make adjustments to margin shifts associated with the various types of sheets. 
[0072] According to this invention, step S5000, in which the margin shift is applied, 

includes applying the second side process registration margin shift S RP2 and each of the 
lateral and process, first and second side magnification margin shifts S LS1 , S LS2 , S PS , and S ps2 to 
shift the positions of the first side and second side images on the first and second sides of the 
sheet, respectively, to reduce show through. As with determining the margin shifts, the 
margin shifts can be applied in any sequence, simultaneously or any combination thereof 
Applying the margin shifts can include any manual or automated process of manipulating 
the sheet or printing apparatus to achieve the desired margin shifts. 

[0073] Fig. 6 is a functional block diagram of one exemplary embodiment of the 

control system 200 according to this invention, usable to generate and apply the margin 
shifts discussed above, and to controllably output the shifted image data to an image forming 
engine 300 based on the determined margin shifts. As shown in Fig. 6, the control system 
200 includes an input/output interface 215, a controller 220, a non-volatile memory 230, a 
system memory 235, a setup circuit or routine 240, a residual magnification error 
determining circuit or routine 250, a margin shift determining circuit or routine 260, and a 
margin shift applying circuit or routine 270, interconnected by a data/control bus or the like 
280. One or more input devices 205 are connected by a link 290 with the input/output 
interface 215, 

[0074] As shown in Fig. 6, each of the system memory 230 and the non-volatile 

memory 235 can be implemented using either or both of alterable or non-alterable memory. 
In Fig. 6, the alterable portions of the memories 230 or 235 are each, in various exemplary 
embodiments, implemented using static or dynamic RAM. However, the alterable portions 
of each of the memories 230 and 235 can also be implemented using a floppy disk and disk 
drive, a writable optical disk and disk drive, a hard drive, flash memory or the like. In Fig. 
6, for each of the system memory 230 and the non-volatile memory 235, the non-alterable 
portions of the memories 230 and 235 are each, in various exemplary embodiments, 
implemented using ROM. However, the non-alterable portions can also be implemented 
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using other non-volatile memory, such as PROM, EPROM, EEPROM, an optical ROM 
disk, such as a CD-ROM or a DVD-ROM, and disk drive, or other non-alterable memory, or 
the like. 

[0075] Thus, for each of the memories 230 and 235, those memories 230 and 235 

can each be implemented using any appropriate combination of alterable, volatile, or non- 
volatile memory or non-alterable or fixed memory. The alterable memory, whether volatile 
or non-volatile, can be implemented using any one or more of static or dynamic RAM, a 
floppy disk and disk drive, a writable or re-writable optical disk and disk drive, a hard drive, 
flash memory or the like. Similarly, the non-alterable or fixed memory can be implemented 
using any one or more of ROM, PROM, EPROM, EEPROM, an optical ROM disk, such as 
a CD-ROM or a DVD-ROM disk and disk drive or the like. 

[0076] It should be appreciated that the control system 200 shown in Figure 6 can be 

implemented as a portion of a programmed general purpose computer used to control the 
overall operation of the image forming engine. Alternatively, the control system 200 can be 
implemented using an ASIC, a FPGA, a PLD, a PLA, or a PAL, or using physically distinct 
hardware circuits, such as discrete logic elements or discrete circuit elements. The particular 
form the controller 220 shown in Figure 6 will take is a design choice and will be obvious 
and predictable to those skilled in the art. Alternatively, the control system 200 can be 
implemented as a portion of a software program usable to form the overall control system of 
the image forming engine. In this case, each of the controller 220 and the various circuits or 
routines 240-270 can be implemented as software routines, objects and/or application 
programming interfaces or the like. 

[0077] In general, the one or more input devices 205 will include any one or more of 

a keyboard, a keypad, a mouse, a track ball, a track pad, a touch screen, a microphone and 
associate voice recognition system software, a joy stick, a pen base system, or any other 
known or later-developed system for providing control and/or data signals to the control 
system 200. The input device 205 can further include any manual or automated device 
usable by a user or other system to present data or other stimuli to the control system 200. 
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[0078] The link 290 can be any known or later-developed device or system for 

connecting the input device 205 to the control system 200, including a direct cable 
connection, a connection over a wide area network or a local area network, a connection 
over an intranet, a connection over the Internet, or a connection over any other known or 
later-developed distributed processing network or system. In general, the link 290 can be 
any known or later-developed connection system or structure usable to connect the input 
device 205 to the control system 200. 

[0079] In operation, the user operates the control system 200 to cause the image 

forming engine to print a registration test image, such as that shown in Figure 1, on the first 
and second sides of a sheet. The user then operates the input device 205 to submit 
measurements obtained from the registration test image to the control system 200. The 
measurements can include, but are not limited to, image squareness, image skew, lateral 
magnification, process magnification and image-to-paper position. The various 
measurements obtained from the registration test image are then stored by the controller 220 
in one or both of the non-volatile memory 230 and the system memory 235. 
[0080] The controller 220 then accesses at least some of the measurements stored in 

one or both of the non-volatile memory 230 and the system memory 235 and supplies the 
accessed measurements to the setup routine or circuit 240. The setup routine or circuit 240, 
under control of the controller 220 and in cooperation with the image forming engine 300, 
adjusts the photoreceptor belt or drum speed and/or the pixel clock frequency as necessary to 
adjust for the average of the first side and second side magnification errors. Upon 
completion of the setup operation performed by the setup routine or circuit 240, the 
controller 220 stores the data generated by the setup circuit or routine 240, including but not 
limited to the nature and extent of the adjustments to the pixel clock frequency and/or the 
photoreceptor belt or drum speed, in one or both of the non-volatile memory 230 or the 
system memory 235. The adjustment data is then output under the control of the controller 
220 through the input/output interface 215 by the link 290 and the data/control bus or the 
like 290 to the image forming engine 300. 
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[0081] The controller 220 then provides at least some of the data stored in one or 

both of the non-volatile memory 230 or the system memory 235 to the residual 
magnification error determining circuit or routine 250. The residual magnification error 
determining circuit or routine 250, under control of the controller 220, determines first pass 
shrink rates and an amount of residual magnification error. Upon completion of the residual 
magnification error determining operation by the residual magnification error determining 
circuit or routine 250, the controller 220 stores at least the values for first pass shrink rates 
and the amount of residual error determined by the residual magnification error determining 
circuit or routine 250 in one or both of the non-volatile memory 230 or the system memory 
235. 

[0082] The controller 220 then accesses at least some of the data stored in one or 

both of the non-volatile memory 230 or the system memory 235 and provides the accessed 
data to the margin shift determining circuit or routine 260. The margin shift determining 
circuit or routine 260, under the control of the controller 220, determines margin shifts to 
reduce registration error and to reduce show through error. Upon completion of the margin 
shift determining operation by the margin shift determining circuit or routine 260, the 
controller 220 then stores the values for registration margin shift and process and lateral 
show through margin shifts and first and second sides determined by the margin shift 
determining circuit or routine 260 in one or both of the non-volatile memory 230 or the 
system memory 235. 

|0083] The controller 220 then accesses at least some data from one or both of the 

non-volatile memory 230 or the system memory 235 and provides the accessed data to the 
margin shift applying circuit or routine 270. The margin shift applying circuit or routine' 
270, under the control of the controller 220, generates data usable by the image forming 
engine 300 and/or by the controller 220, or another controller (not shown) that controls 
supplying image data or desired paper position to the image forming engine 300, to adjust 
the image position by applying the margin shifts determined by the margin shift determining 
circuit or routine 260. Thus, in various exemplary embodiments, the margin shift applying 
data is output, under the control of the controller 220, through the input/output interface 215 
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over the link 290 to the image forming engine 300, or to the other controller. Alternatively, 
the controller 220 transfers the margin shift applying data from the margin shift applying' 
circuit or routine 270 into the one or both of the non- volatile memory 230 or the system 
memory 235 for later use by the controller 220 in modifying the image data based on the 
determined margin shifts. 

[0084] While this invention has been described in conjunction with the specific 

embodiments above, it is evident that many alternatives, combinations, modifications, and 
variations are apparent to those skilled in the art. Accordingly, the preferred embodiments 
of this invention, as set forth above are intended to be illustrative, and not limiting. Various 
changes can be made without departing from the spirit and scope of this invention. 
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